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This paper reports that β-Ga2O3 nanorods have been synthesized by ammoniating Ga2O3 films on a V middle layer

deposited on Si(111) substrates. The synthesized nanorods were confirmed as monoclinic Ga2O3 by x-ray diffraction,

Fourier transform infrared spectra. Scanning electron microscopy and transmission electron microscopy reveal that the

grown β-Ga2O3 nanorods have a smooth and clean surface with diameters ranging from 100 nm to 200 nm and lengths

typically up to 2 µm. High resolution TEM and selected-area electron diffraction shows that the nanorods are pure

monoclinic Ga2O3 single crystal. The photoluminescence spectrum indicates that the Ga2O3 nanorods have a good

emission property. The growth mechanism is discussed briefly.
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1. Introduction

Since the discovery of carbon nanotubes,[1] one-
dimensional nanometre-sized materials have attracted
much attention due to their great potential for funda-
mental studies as well as for application in low cost,
small-sized, and low power consumption devices. To
date, various kinds of materials such as Si, Ge, silica,
MgO, CaO, GaN, β-SiC and ZnO were synthesized
as nanowires and a number of methods were tried
for fabricating the nanowires.[2−7] Monoclinic gallium
oxide (β-Ga2O3) is one of the important wide band
gap (Eg ≈ 4.9 eV) semiconductors which show good
chemical and thermal stability and interesting lumi-
nescence properties.[8] β-Ga2O3 nanostructures such
as nanorods are currently the subject of intense re-
search because of their potentials for nanoscale elec-
tronic and optoelectronic devices.[9,10] Different work-
ers synthesized nanoscaled β-Ga2O3 in powder form
by different methods such as physical evaporation
of Ga2O3 via a vapour–solid (VS) process,[7] milling
of GaN powders,[11] annealing of GaAs in dry oxy-
gen atmosphere,[12] a vapour–solid method exploit-
ing a catalytic growth process,[13] silica-assisted Fe
catalytic growth,[14] thermal reaction between pure
Ga2O3 and active carbon,[15,16] and alumina-assisted
catalytic growth.[17]

In this work, we report a successful synthesis of
highly crystalline Ga2O3 nanorods through ammoni-
ating Ga2O3/V films on Si(111) substrate deposited
by radio frequency (RF) magnetron sputtering sys-
tem.

2. Experimental details

The β-Ga2O3 nanorods were prepared by a two-
step method. The first step was to deposit Ga2O3/V
films on Si(111) substrate in turn using a JCK-500A
magnetron sputtering system (13.56 MHz). The tar-
gets for depositing V films and Ga2O3 films were
hot-pressed V with a purity of 99.9% and sintered
Ga2O3with a purity of 99.99%.The base pressure be-
fore sputtering was about 1.2×10−3 Pa. The working
gas was pure argon and the working pressure was 3 Pa.
The distance between the target and the substrate was
8 cm. When V was deposited, the output voltage of
Wen Liu Yuan (WLY) steady current device was 315V
and the output current was 160 mA. It was different
that Ga2O3 films were deposited through RF mag-
netron sputtering. The sputtering power was 150 W.
The sputtering progress was maintained at room tem-
perature by using the cooling system. The thickness
was about 60 nm for V films and 500 nm for Ga2O3
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Subsequently, the Ga2O3/V films were ammoni-
ated with a flow rate of 500ml/min in a horizontal
tube furnace. The temperature and the duration of
the ammoniating were 950◦C and 10 min, respectively.

The samples were measured with x-ray diffrac-
tion (XRD, Rigaku D/max-rB Cu Kα) meter to spec-
ify their crystalline structures. Fourier transformed
infrared spectra (FTIR, Tensor27) meter was used
to measure the samples’ chemical states. Scanning
electron microscopy (SEM, Hitachi S-570) and high-
resolution transmission electron microscope (HRTEM,
Philips TECNAI-20) were carried out at room tem-
perature to measure the products’ morphology and
microstructure, respectively.

3. Results and discussion

3.1.XRD analysis

Figure 1 depicted the XRD spectrum of a β-
Ga2O3 nanorod deposited on the silicon substrate.
The sharp diffraction peaks in the pattern indicated
a monoclinic structure, in agreement with the re-
ported data of bulk β-Ga2O3 with lattice constants
a = 1.223 nm, b = 0.304 nm, c = 0.580 nm and
β = 103.7◦. There is only one peak of the VO2 at
2θ = 33.9◦ (d = 0.264 nm). No diffraction peaks from
GaN, V or other crystalline impurities were found in
any of our samples, indicating that the sample was of
high purity. And the sharp diffraction peaks also re-

vealed that the β-Ga2O3 nanorods thus prepared had
a high crystalline quality.

Fig.1. XRD pattern of the synthesized β-Ga2O3

nanorods.

3.2. SEM analysis

Figure 2 shows the typical SEM images of the
synthesized samples at different magnifications. At
the low magnification, it can be clearly observed from
Fig.2(a) that a great deal of rod-like structure are in-
terlaced each other and randomly distributed on the
surface of the silicon substrate. The whole film surface
is actually covered with a layer of β-Ga2O3 nanorods
by the all-around observation of the SEM. The SEM
image of Fig.2(b) demonstrates that the nanorods pos-
sess a very smooth surface and a diameter of about
from 100 nm to 200 nm and a length of about 2µm.

Fig.2. SEM image of the β-Ga2O3 nanorods at different magnifications.
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3.3. FTIR analysis

The FTIR transmission spectrum of the prod-
uct is shown in Fig.3. Three prominent infrared ab-
sorption bands were observed at 458.92, 609.08 and
1094.50 cm−1, respectively. In the light of the re-
ported band of Ga-O stretching vibration absorp-
tion in monoclinic Ga2O3 at 465 cm−1,[18] the band
at 458.92 cm−1 should be a Ga–O stretching vi-
bration absorption peak. This also illustrates that
the Ga2O3 has a monoclinic structure. The sharp
absorption band at 609.08 cm−1 is due to the lo-
cal vibration of the substitutional carbon in the Si
substrate crystal lattice.[19] The absorption band at
1094.50 cm−1 should be attributed to the Si-O-Si
asymmetric stretching vibration in the SiO2 resulted
from oxygenation of Si substrate surface.[20]

Fig.3. FTIR transmission spectrum of the synthesized β-

Ga2O3 nanorods.

3.4.Photoluminescence(PL) analysis

PL spectrum of β-Ga2O3 product presented in
Fig.4 is detected with He–Cd laser used as the exci-
tation source (with a wavelength of 325 nm) at room
temperature. Only a broad peak centred at 468 nm
(belongs to blue light range) can be activated. Har-
wig and Kellendouk once proposed that the blue emis-
sion was due to the recombination of an electron on
a donor formed by oxygen vacancies.[21] Vasil’stiv et
al suggested that the acceptor should be formed by
a gallium–oxygen vacancy pair.[22] For the present

β-Ga2O3 nanostructures, a huge number of oxygen
vacancies and gallium–oxygen vacancy pairs may be
formed readily. It should be put forward that in
some investigations on PL of gallium oxide crystal or
nanorods, not only blue but also ultraviolet emission
has been found.[23,24] A similar peak at 475 nm was
reported by Liang et al [25] in their β-Ga2O3nanowires
sample. The PL feature of the β-Ga2O3 nanorods re-
ported here is quite consistent with the model[26] and
peak position reported earlier.

Fig.4. PL spectrum of β-Ga2O3 nanorods at room tem-

perature. The wavelength of He–Cd laser is 325 nm.

3.5.HRTEM analysis

Figure 5(a) shows the TEM image of a single β-
Ga2O3 nanorod with a diameter of 180 nm, providing
more structural information. It is straight and has
a fairly clean surface. Figure 5(b) shows a HRTEM
lattice image of another β-Ga2O3 nanorod. The well-
spaced lattice fringes in the image indicated a single
crystal structure of the nanorod. The white arrow
indicated the growth direction of the nanorod. The
space between two fringes is about 0.282 nm which
corresponds to the distance between the (2̄02) planes,
indicating that the growth direction of the nanorod
is perpendicular to the fringes of (2̄02) planes. The
single-crystal β-Ga2O3 nanorod can also be identi-
fied from the selected-area electron diffraction (SAED)
pattern shown in the inset of Fig.5(b), which can be
ascribed to the reflection of monoclinic Ga2O3 single
crystal.
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Fig.5. (a) HRTEM image of a single β-Ga2O3 nanorod; (b) HRTEM lattice image of the β-Ga2O3 nanorod.

Inset: the corresponding SAED pattern.

3.6.Discussion about growth process

There are several growth mechanisms devel-
oped to explain one-dimensional growth. One is
the vapour–liquid–solid (VLS) process,[27] in which
nanoparticles as catalyst were capped at the tip of
nanostructures. The other is VS mechanism,[28] in
which nanostructures were fabricated from the vapour
of precursor directly without a liquid state. For the
Ga2O3 nanostructures synthesized in our cases, VS
mechanism is dominant, because no catalysts were in-
volved and observed. We might briefly explain the
process as follows. It is well known that Ga2O3 begins
to decompose into Ga2O and O2 above 850◦C. V2O5,
NO2 and H2O are subsequently formed through the
reaction of metal V with O2 and NH3 with O2. How-
ever, V2O5 begins to release O2 over the temperature
of 700◦C,[29] Ga2O3 molecules formed by the reactions
of the O2 with Ga2O. All the reactions can be ex-
pressed as:

Ga2O3 → Ga2O + O2,
V + O2 → V2O5,
NH3 + O2 → NO2 + H2O,

V2O5(l) → VO2(s) + O2(g),
Ga2O(g) +O2(g) → Ga2O3(s).

There Ga2O3 molecules continuously come out
and agglomerate into micrograins. When the growth
direction of the micrograins are all orientated to the
same direction, the single-crystal β-Ga2O3 nanorods
are formed. However, as the intermedium between Si
substrate and Ga2O3film, V films are very important
for the fabrication of β-Ga2O3 nanostructure.

4. Conclusion

In summary, single-crystal β-Ga2O3 nanorods
were successfully prepared by annealing Ga2O3/V
films based on VS mechanism. V films are very im-
portant for the fabrication ofβ-Ga2O3 nanorods. The
structure, morphology and optical properties of the
as-prepared Ga2O3 nanorods are studied by XRD,
SEM, HRTEM, FTIR and PL. The PL spectrum at
room temperature exhibited a broad peak centred at
468 nm, which may be useful for device application.
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